In the induction of the hypersensitive response (HR) (12, 13) .
electrophoresis shows there are two distinct kinds of LPS, differing greatly in size, which correspond to rough and smooth LPS in other systems. In addition, a phage, CH154, was isolated which lyses non-HR-inducing bacteria and which is inactivated by LPS from these bacterial strains. Therefore, differences in LPS structure correlate strongly with host recognition of Pseudomonas solanacearwn One of the most important bacterial diseases affecting crop plants in the warm temperate and tropical regions of the world is the vascular wilt caused by Pseudomonas solanacearum. Numerous strains of the bacterium with widely different host specificities exist. When grown in culture, most strains form two types of colonies, depending on the presence or absence of EPS3.
The fluidal strains are virulent on their specific host; the afluidal, which lack EPS, are all avirulent (12) .
When introduced into tobacco leaves, viable cells of many avirulent strains of P. solanacearum attach to the mesophyll walls and are rapidly enveloped by extracellular host material (19) . This is followed by a HR, an important defense reaction which is characterized by rapid collapse of host cells and a decline in bacterial numbers. Virulent cells, however, do not attach to cell walls, do not induce the HR, and multiply freely in the intercellular fluid (19) . Some avirulent strains also do not bind and do 1 not induce the HR. The HR may be the result of a host recognition mechanism that effectively eliminates pathogens (18) . It has been suggested that the LPS component of the outer membrane of gram negative bacteria is important in the attachment of bacteria to plant tissues. Unidentified components of the 0-antigen portion of LPS have been implicated in determination of specificity of infections by the crown gall bacterium (22) and Rhizobia (17, 23) , although other work suggests LPS may not be involved in the latter system (3) . The specific differences in LPS which may determine the host recognition response have not been previously reported. The interaction between P. solanacearum LPS and a host cell wall lectin is thought to provide the initial binding that precedes the HR (20) . A lectin that binds to bacterial LPS is present on the surface of tobacco and potato mesophyll cells (16 (12, 13) .
Extraction and Analysis of Lipopolysaccharide. LPS was extracted from each of the strains of P. solanacearum by the standard hot phenol-water method (21) . Lyophilized LPS samples were each hydrolyzed with 2 N trifluoroacetic acid at 121 C for 1 h and the alditol acetate derivatives prepared (1) . After the sugar derivatives were extracted from the acetylation mixture, GC was carried out on a Hewlett-Packard model 5830 gas chromatograph, equipped with glass columns packed with OV275 on Gas-chrom Q (2). KDO was determined by the thiobarbituric acid method (6) and heptose by a modified cysteine-HCl method (5, 24) .
Electrophoresis of LPS. One hundred twenty ,ug of each LPS sample was dissolved in 0.1 ml of SDS sample buffer (62.5 mm Tris-HCl, 10%o glycerol, 2.5% dithiothreitol, and 3% SDS [pH 6.8]) and incubated 5 min at 100 C (10). Electrophoresis was through 5.8% polyacrylamide gels with 3% polyacrylamide spacer gels by the procedure of Laemmli (15) at 1-2 mamp/tube until the dye fronts were near the bottom of the tubes. Gels were fixed overnight in 25% isopropanol and stained by the periodate-Schiff method (8).
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Hypersensitive Response. The ability of each strain to induce the HR was assayed by the method of Klement (14) , using tobacco grown as previously described (19) and using bacteria at concentrations ranging from 108 to 109 cells/ml.
Lysis of Phage CH154. Bacteriophage CH154 was isolated by the method of Cuppels (4) who had previously isolated this phage. Standard plaque assays were performed (11) . To test for inactivation of the phage by LPS, the phage was incubated for 1.5 h at 30 C with LPS at concentrations ranging from 32.5 to 325 ,ig/ml. RESULTS P. solanacearum EPS is highly water soluble and is not in capsular form, so it is easily removed from cells by several water washings. According to Dudman (7), the major component of P.
solanacearum EPS is galactosamine. When we examined EPS from K60 and a number of other virulent strains using GC, we found that EPS was composed of over 80% galactosamine. When LPS samples were examined by GC, no galactosamine was present, indicating LPS samples were not contaminated by EPS.
The LPS of all bacterial strains examined contained rhamnose, xylose, glucose, glucosamine, and two unknowns, one of which was tentatively identified as glucoheptose. The major variations among the strains were in the relative amounts of xylose, rhamnose, and glucose (Table I ). Strains designated A, H, J, M, 0, P, S, and K60 all had high levels of rhamnose (36-66%) and xylose (9-32%), with low levels of glucose (5-8%). Strains designated T, U, V, and B1 had lower levels of rhamnose (25-39%) and xylose (3-11%) and higher glucose (29-32%). Strain Q was intermediate, with 33% rhannose, 18% xylose, and 20% glucose.
When the LPS from all 13 strains was separated by SDSpolyacrylamide gel electrophoresis (10) and the carbohydratecontaining bands were stained by the periodate-Schiff method (8), distinct differences in apparent mol wt were evident. Strains T, U, V, B 1, and Q showed one fast-moving band close to the dye front, but K60, A, H, J, M, 0, P, and S had a major slow moving band, with a fast moving band appearing only faintly (Fig. 1) .
When each strain was assayed for its ability to induce the HR, strains T, U, V, and B1 were positive, strains A, H, J, M, 0, P, S, and Q were negative, and K60 did not induce the HR but produced a spreading lesion typical of the susceptible response. J. The bacteriophage CH154, originally isolated from a strain of P. solanacearum is known to lyse K60 but not the B 1 strain. This phage did not lyse any of the HR-inducing strains and lysed all the non-HR-inducers, except S. When tested in a standard plaque assay against K60, this phage was inactivated by previous incubation with LPS from strains A, H, J, M, 0, P, S, and K60 but not with that from T, U, V, B 1, and Q.
These results indicate that there are two distinct groupings within the 13 strains of P. solanacearum tested. Group I strains include K60, A, H, J, M, 0, P, and S, which do not induce the HR and have LPS which move slowly on SDS-polyacrylamide gels, inactivate phage CH154, and have high rhamnose and xylose and low glucose. Group II consists of strains T, U, V, and B 1, which induce the HR and have LPS which move more rapidly on SDSpolyacrylamide gels, do not inactivate the phage, and have relatively low levels of xylose and rhamnose and high glucose. Group II also contains on the average 1.6 times as much heptose and 1.8 times as much KDO as group I. Strain Q is intermediate between these two groups in terms of LPS sugar composition, does not induce the HR but has a fast moving LPS band on SDS-polyacrylamide gels, and will not inactivate the phage. LPS from group I strains is much more soluble in water than that from group II and from Q. Studies in progress using the methods of Sequeira and Graham (20) indicate that group II strains are agglutinated more extensively by potato lectin than group I strains. Six additional avirulent, non-HR-inducing strains were also tested and showed the same pattern as group I.
DISCUSSION
Graham and Sequeira (9) reported that the B 1 strain is rough, that is, it lacks part or all of the 0-specific antigen of the LPS molecule. This conclusion was based partially on heptose, KDO, and anthrone assays. Our data indicate that the group II (HR inducing) bacteria are also rough, following the same pattern as B 1, whereas those in group I (non-HR-inducing) are smooth. The differences in LPS structure referred to as rough (incomplete LPS) and smooth (complete LPS) are not to be confused with the presence or absence of EPS, which would be more correctly defined as fluidal or afluidal. Differences in the mobility of LPS on polyacrylamide gels have been correlated with LPS composition in other bacterial species, the LPS from smooth strains moving more slowly than that from rough strains (10 It has been shown that, although LPS by itself cannot induce the HR, previous inoculation with LPS can protect tobacco against the HR induced by whole bacteria (9) . This protection can be obtained with rough (Bi) or smooth (K60) LPS. It is not clear whether the recognition mechanisms involved in protection against the HR and induction of the HR are related. Because of the apparent differences in LPS structure required for these two responses, the mechanisms may be different. Our results indicate that rough LPS may be necessary for initial recognition of the bacterium by the host, a process that results in induction of the hypersensitive response. It is possible that the 0-antigen in the smooth strains masks the portion of the LPS that is involved in the recognition necessary for induction of the HR. When the 0-antigen is absent in the rough strains, this site becomes available to the host-binding component. Identification of the change in the bacterial cell surface that can account for the ability of the bacterium and plant to interact is an important step in our understanding of disease resistance in plants.
